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(57) Abstract 

The invention relates to a method for the engineering of a discrete manufacturing line, especially a robot-based production line. The 
method comprises: a) preparing a modular hierachicaJ organized system of reusable components (1, 2, 3), wherein the first and lowest level 
components are process components (e.g. robots, machinery or transportation units), called P-Comps (1), each realized by a collection 
of process hardware (e.g. motors, cylinders, valves and sensors), and components of software and hardware for at least control, alarm 
handling, local diagnosis and documentation purposes, the second system level contains at least one production cell (2), each cell (2) 
containing a working closely together group of P-Comps (1), a cell controller, which co-ordinates the P-Comps (1), and software modules 
for higher level functions, the third system level is defined as having at least one safety zone (3), each containing at least one cell (2), as 
a top level the manufacturing line contains at least one safety zone (3), and all software components and modules are adaptable, and b) 
designing and engineering of a specific manufacturing line by composing of prepared system components (1, 2, 3) by the following steps: 
selection of P-Comps (1) needed, installation of P-Comp hardware on customers site, installation of additional reusable cell hardware 
(e.g. cell controllers) on customers site, installation, connection and configuration of software components on customers site, and doing 
commissioning and system test. 
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. , Method for the engineering of a manufacturing line 

Description 

i 

4 

I 

• * 

The invention relates to a method for the engineering of a discrete manufacturing line, 
especially a robot-based production line. 

* 

* 

< 

Discrete manufacturing lines, including robot-based production lines have usually to be 
built according to a variety of specific customer or sub-supplier standards and prefer- 
ences. The control systems of such lines consist of programmable logic controllers 

■ 

(PLC) mainly. More complex operations such as robot control, welding, process moni- 
toring, etc. are controlled by separate, dedicated controllers. Coordination of input and 
output channels and control software modules of these controllers with the complex and 
heterogeneous set of machinery, sensors and actuators used at the shop floor is engi- 
neered during the line design and commissioning phase and is not standardized. 

This results in several disadvantages line integrator companies face today: 

1 . Line integrators, those are companies which engineer and produce production lines, 
start from scratch in each installation, facing repeated and high efforts, high cost, 
and relatively long duration of line commissioning. 

2. Engineering and commissioning expenditure is not well known in advance. 

3. Sharp commitments on system reliability are almost impossible - as long as there is 
no experience with a special customer standard from a former project. 

4. Due to separate engineering of mechanical parts, process equipment and control 
system, there is no modular structure which would provide the possibility to build a 

« 

line by pre-tested units. This leads to high planning, installation and commissioning 
cost and time. 



< 
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5. The production lines typically feature an heterogeneous system structure, i.e. the 
system consists of a combination of subsystems and components from different 

» 

suppliers with partly incompatible communication interfaces. 

6. The structure of control and diagnostic data flow is difficult to understand by third 
persons, which leads to increased cost, effort and duration of changes or enhance- 
ments. 

7. There is no common communication method between different components, which 
leads to high design effort and cost. 

8. Several distributed HMI's (Human Machine interfaces) with different look and feel 
are used which provide access to parts of the line equipment only. 

9. No transparent information flow through the whole system is possible. Therefore, 
data acquired by subsystems are often not available for central application specific 
processing functions (e.g. monitoring and diagnosis). 

■ 

10. These characteristics are also the reason for a missing system-wide data integrity. 
This missing data integrity and the limited bi-directional information transfer between 
subsystems lead to time-consuming restart problems after unexpected production 
stops. 

■ 

11. Monitoring and diagnostic tools can only be add-on tools, i.e. the functionality of 

i 

these tools is limited to the data available from the customers system and have to be 
adapted to it in every project. 

It is accordingly an object of the invention to provide a method for the engineering of a 
discrete manufacturing line, which overcomes mentioned disadvantages of known engi- 
neering methods. 

With the foregoing and other objects in view there is provided, in accordance with the 
invention, a method for the engineering of a discrete manufacturing line, especially a 

i 

robot-based production line, which comprises: 

a) preparing a modular hierarchical organized system of reusable components, 
wherein 

■ the first and lowest level components are process components (e.g. robots, 
machinery or transportation units), called P-Comps, each realized by a col- 
lection of process hardware (e.g. motors, cylinders, valves and sensors), and 
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components of software and hardware for at least control, alarm handling, di 
agnostic and documentation purposes, 

■ the second system level contains at least one production cell, each cell con- 

» 

taining a working closely together group of P-Comps, a cell controller, which 
co-ordinates the P-Comps, and software modules for higher level functions, 

■ the third system level is defined as having at least one safety zone, each 
containing at least one cell, 

■ as a top level the manufacturing line contains at least one safety zone, and 
- all software components and modules are adaptable, and 

b) designing and engineering of a specific manufacturing line by composing of pre- 
pared system components by the following steps: 
» selection of P-Comps needed, 

■ installation of P-Comp hardware on customers site, 

■ installation of additional reusable cell hardware (e.g. cell controllers) on cus- 

■ 

tomerssite, 

■ installation, connection and configuration of software components on cus- 
tomers site, and 

■ doing commissioning and system test 

In case of this method, preparing the modular system includes specifying software 
components on the second level, which act as an interface to a human operator, as 
mode manager, as safety manager for handling possible interlocks between mechanical 
components and which support functions for alarm handling, diagnosis, restart and 

■ 

others according to customer requirements. 

In accordance with another mode of the invention, preparing the modular system in- 
eludes specifying the P-Comps having only one communication interface visible from 
the system level. 

In accordance with another feature of the invention, preparing the modular system in- 
cludes specifying the P-Comps having a well defined software interface, mechanical 
interfaces, and energy and fluid interfaces. 
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■ 

In accordance with a further feature of the invention, preparing the modular system in- 
eludes specifying the P-Comps each having its own intelligence as a software task ei- 
ther on an own Central Processing Unit (CPU) or as a software task running on an other 
CPU. 

i 1 

The invention includes a proposal for a process oriented system architecture and a 
planning method too. 

Advantages of the proposed methods are: 

* 4 

I 

> 

■ ' Since P-Comps are standardized and partly pre-assembled units with ready-made 
hardware-, electrical- and software interfaces, new lines must not be engineered 
from scratch. Instead, P-Comp's are connected and configured. 

■ The possibility of individual pre-testing, the product-like status of P-Comps f clearly 
defined interfaces and standardized cell designs shift a maximum of efforts and 
costs away from individual engineering into the P-Comp design phase. The design, 
realization and test of P- Comps has to be done once and is not repeated in individ- 
ual installation. Therefore, the engineering effort and the commissioning duration 
shortens and can be well estimated in before. P-Comps can be used as black boxes. 

■ Properties, functional characteristics and availability of P-Comps are known and 
documented, therefore the performance and availability of lines can be estimated in 

* 

design phase with better accuracy. The method reduces the necessary skill of users. 

■ P-Comps can be tested individually. 

■ A P-Comp has clearly defined hardware and software interfaces. For components 
from sub-suppliers, these interface characteristics are implemented in 'P-Task In- 

* 

terfaces\ Improvements inside the P-Comps can be done without changes to the 
rest of the system. 
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■ On the field-bus level different communication protocols can be used, but from the 
"real-world" interface on P-Comp level to higher levels of the hierarchy a common 
standard communication protocol has to be used, so that application software com- 
ponents can be easily added or removed. The application software is completely in- 
dependent of the used field-bus technology. 

• Each HMI station connected to the control network provides full access to P-Comp 
controller signals and program variables. 

* 

■ The standard interfacing and communication method provides also access to all 
relevant process signals available inside the P-Comp controller and all P-Comp pro- 
gram variables for other software components used for monitoring, diagnosis, proc- 
ess optimization, order management, as well as the communication between these 

» 

components. 

* 

The proposed methods together with additional objects and advantages thereof will be 

» 

best understood from the following description of specific embodiments when read in 

* 

connection with the accompanying drawings. 
Brief description of the drawings: 

Fig. 1 shows the basic architecture of the modular and hierarchical organized sys- 
tem of reusable components, according to the invention; • 

Fig. 2 shows a distribution of control functions; 

» 

Fig. 3 shows examples of P-Comps including hardware, tasks and interfaces. 

Referring now to the figures of the drawings in detail and first, particularly, to Fig. 1 
thereof, there is seen a basic system architecture, containing process components, 

* 

called P-Comps (1) as lowest level components, production cells (2) in a second level 
and safety zones (3) as a top level. One or more safety zones (3) form the entire 
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manufacturing line. Smaller production lines may have ju$t one safety zone (3) which 
may contain just one production cell (2). 

A P-Comp (1) consists of a well defined set of hardware and software. All hardware 
elements or components of a production line (except the produced parts) belong to 
P-Comps (1). The set definition is process oriented. Software components belong to 
one of the three system levels (1, 2, 3), but can be installed on one control hardware 
resources or distributed on a network of control hardware resources. 

Fig. 2 shows a distribution of control system functions. It is shown that specified control 
software components act on at least the two following levels: i 

■ A cell integration level, where the interface to the human operator (HMI), a mode 
manager, a interlock manager handling possible interlocks between mechanical 

■ 

components, the Cell Controllers and support functions for diagnosis, restart, etc. 
are located, and 

■ 

■ The level of the Process Components, being represented, by the P-Tasks regarding 
software implementation. P-Tasks will interfere with the "Real World" via an inter- 
face. 

To define the control system on a component-based view, it is defined exactly what a 
process component is and which kind of control architecture is used: 

A P-Comp is a collection of process hardware (e.g. one roller table including motors, 
cylinders, valves, sensors, etc.), software components, controller hardware to run the 
software components and documentation. This collection is handled as one single, re- 
usable, standardized product. The main idea of using P-Comps is the vision of building 
the complete production line application by easily 'plugging together* the P-Comps 
needed for the specific line. 

The basic benefit of the P-Comp is the reusability. Within the architecture a P-Comp 
represents units which are intended to be reused for different lines. 
The following list covers the main properties of a P-Comp which 
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is based on a mechanical set of components and sub-components; 

has a well defined software interface, mechanical interfaces, energy and fluid supply 

interfaces; 

has usually more than one movement; 

is configuration independent and defined regardless of how many other components 
are connected to it, even if their type could be predefined; 
can be tested independently. 



A P-Comp has one and only one communication interface visible from higher system 
levels. A P-Comp has control functionality with at least one software task which runs on 
any appropriate CPU hardware belonging to the system. It may also share the CPU with 
other P-Comp controllers. Any I/O to real world sensors and actuators belongs to one of 
the P-Comp. P-Comps are clients with regard to the real-world interfaces which provide 
a data server functionality, i.e. several P-Comps can access data from the same server. 
P-Comps are servers with regard to higher-level control like cell-controller, mode man- 
ager, etc. and other applications like diagnostic tools. 

As partly described above, a P-Comp consists of: 

■ The set of P-Comp mechanical hardware components; 

■ The set of P-Comp control hardware components; 

■ The set of P-Comp software components (minimum: P-Task providing one P- 

« 

Function); 

* *»• 

■ P-Comp description and documentation (on paper or any electronic Format), in- 
cluding default configuration, I/O configuration; the sum of all P-Comp descriptions is 
collected in a 'P-Comp data sheet'. 

P-Comp Mechanical Hardware Components: 

The mechanical hardware assigned to a P-Comp is the complete set of tools and de- 
vices needed to perform the specific functionality this P-Comp provides to the framing 
process. Sensors are included in the tooling, provided by the mechanical engineers. 



WO 00/43845 PCT/EP99/08802 

8 

■ 

i 

. 1 

P-Comp Control Hardware Components: 
Computer Hardware: 

There might (and probably will) be more than one P-Comp, whose P-Tasks are running 
on the same computer or embedded controller. 

■ 

Field Devices: 

All kind of sensors and actuators (e.g. valves, pumps, motors, robots) needed to control 

» 

the specified process. 

* i 

P-Comp Software Components: , 

The minimum P-Comp software representation consists of a P-Task providing at least 

i 

one P-Function. 
P-Task: 

■ 

The internal representation of a P-Comp within the control-system is called P-Task. A 
P-Task is a software process which handles the functionality , the P-Comp provides. This 
functionality is accessed via Functions, called P-Functions. 

This P-Task does not change for identical P-Comps. For example, each P-Component 
'Roller Table' will be represented by one and only one type of P-Task and assigned P- 
Functions. No matter how these P-Functions are called or used by the Cell Controller, 
the P-Task does not change and is identical for all applications using this P-Comp. 
There might be additional functions or services in later versions of this P-Task, but it 
always has to be compatible for existing applications. (Compatibility downwards). 
From control-system point of view the P-Task defines a logical interface to the system. 

■ 

This logical interface standardizes the P-Comp on system level and the software pack- 
age running as representation of that P-Comp is reusable. Fig. 3 shows the control 
system and three P-Comps, that is a robot, an operator intervention box and a roller 
table. The interface to the P-Comps is reusable, also the software for the roller table 
and the operator intervention box can be a fixed standard. The robot programs will 
change due to its flexibility, nevertheless the interfacing mechanism to the robot will be 
reusable, as well as many support functions like diagnostics. 
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P-Task Interface: ' 

In the case of P-Comps based on specific, third-party controllers, such as robots, a spe- 
cial interface is proposed, the P-Task interface, to act between the Cell Controller and 
the specific controllers. It handles 

■ the function call from the Cell Controller and transmits it into a task on the specific 
controller, 

■ alarms and local diagnosis such as timing checks. 

■ return messages to the Cell Controller. 

i 

It 

P-Functions: i 

Each functional entry-point of a P-Task is called a P-Function. A P-Function is palled 

from the Cell Controller, arguments may be added to the P-Function depending on its 

* 

declaration. The execution of a P-Function therefore is initiated from the Cell Controller, 
but handled within the P-Task. 

i I 

A P-Function may be divided into individual reusable blocks, called P-Steps. These P- 
Steps are visible as functional entries in the P-Task, too. However, in normal operation 

* 

mode the Cell Controller calls P-Functions only. 

» 

P-Steps may be called in manual mode for commissioning, test and system restart. 
P-Functions are divided in different types: 

■ Control Functions: request for control, e.g. for the P-Comp roller table 'palletjn'or 
'pallet_out'; 

■ Environment Functions to handle different modes, e.g. auto, manual, dry mode, test, 
simulation; 

■ Support Functions: (diagnosis, history, trends, alarms, restart); 

■ Configuration Functions (during engineering phase only, not to be used during run- 
time). 
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• • Claims 

i 

1 . Method for the engineering of a discrete manufacturing line, especially a robot- 

* 

based production line , which comprises: 

a) preparing a modular hierarchical organized system of reusable components 
(1,2,3), wherein 

■ the first and lowest level components are process components (e.g. ro- 
bots, machinery or transportation units), called P-Comps (1), each realized 
by a collection of process hardware (e.g. motors, cylinders, valves and 
sensors), and components of software and hardware for at least control, 
alarm handling, local diagnostic and documentation purposes, 

- the second system level contains at least one production cell (2), each cell 
(2) containing a working closely together group of P-Comps (1 ), .a cell 
controller, which co-ordinates the P-Comps (1), and software modules for 
higher level functions, 

■ the third system level is defined as having at least one safety zone (3), 
each containing at least one cell (2), 

• as a top level the manufacturing line contains at least one safety zone (3), 
and 

• all software components and modules are adaptable , and 

b) designing and engineering of a specific manufacturing line by composing of pre- 
Rgred system components (1 ,2,3) by the following steps: 

■ selection of P-Comps (1) needed, 

■ installation of P-Comp hardware on customers site, 

■ installation of additional reusable cell hardware (e.g. cell controllers) on 
customers site 

■ installation, connection and configuration of software components on cus- 
tomers site, and 

■ doing commissioning and system test. 
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2. Method according to claim 1 , characterized in that preparing the modular sys- 
tem includes specifying software components on the second level, which act as an in- 
terface to a human operator, as safety manager for handling possible interlocks be- 
tween mechanical components and which support functions for alarm, diagnosis and 
system restart. 

•* « 

■ 

< 

3. Method according to claim 1 or 2, characterized in that preparing the modular 
system includes specifying the P-Comps (1 ) having only one communication interface 
visible from the system level. 

4. Method according to one of the claims 1 to 3, characterized in that preparing 

i 

the modular system includes specifying the P-Comps (1 ) having a well defined software 
interface, mechanical interfaces, and energy and fluid interfaces. 

* 

5. Method according to one of the claims 1 to 4, characterized in that preparing 

■ 

the modular system includes specifying the P-Comps (1) each having its own Intelli- 
gence as a software task either on an own CPU or on a CPU able to handle several 
tasks of different P-Comps in parallel. 
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♦ 1 

AMENDED CLAIMS 

[received by the International Bureau on 18 April 2000 (18.04.00) ; 
original claims 1-5 replaced by amended claims 1-4 (2 pages)] 



1. Method for the engineering of a discrete manufacturing line, especially a robot- 
based production line , which comprises: 

* 

a) preparing a modular hierarchical organized system of reusable components 
(1,2,3), wherein 

■ the first and lowest level components are process components (e.g. ro- 
bots, machinery or transportation units), called P-Comps (1), each realized 
by a collection of process hardware (e.g. motors, cylinders, valves and 
sensors), and components of software and hardware for at least control, 
alarm handling, local diagnostic and documentation purposes, 

- the second system level contains at least one production cell (2), each cell 
(2) containing a working closely together group of P-Comps (1), a cell 
controller, which co-ordinates the P-Comps (1 ), and software modules for 
higher level functions, which act as an interface to a human operator, as 
safety manager for handling possible interlocks between mechanical com- 
ponents and which support functions for alarm, diagnosis and system re- 
start, 

■ the third system level is defined as having at least one safety zone (3), 
each containing at least one cell (2). 

■ as a top level the manufacturing line contains at least one safety zone (3), 

■ 

and 

■ all software components and modules are adaptable , and 

b) designing and engineering of a specific manufacturing line by composing of pre- 
pared system components (1,2,3) by the following steps: 

■ selection of P-Comps (1 ) needed, 

• installation of P-Comp hardware on customers site, 

■ installation of additional reusable cell hardware (e.g. cell controllers) on 
customers site 
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•* 

i * 

■ installation, connection and configuration of software components on cus- 
tomers site, and 

■ doing commissioning and system test 

♦ < 

2. Method according to claim 1 , characterized in that preparing the modular sys- 
tern includes specifying the P-Comps (1) having only one communication interface visi- 

I 

ble from the system level. 

3. Method according to one of the claims 1 or 2, characterized in that preparing 
the modular system includes specifying the P-Comps (1) having a well defined software 
interface, mechanical interfaces, and energy and fluid interfaces. 

4. Method according to one of the claims 1 to 3, characterized in that preparing 
the modular system includes specifying the P-Comps (1) each having its own intelli- 
gence as a software task either on an own CPU or on a CPU able to handle several 
tasks of different P-Comps in parallel. 



AMENDED SHEET (ARTICLE 19) 



t 



WO 00/43845 



PCT/EP99/08802 



3 



1/3 



2 



1 



I - 



f 



Production 
Line 



< 



Safety 
Zone 10' 



•Safety 
Zone 20' 



•Safety 
Zone 30' 



P-Comp 
•Robot 12' 




{Sensors 
Gripper 
Valves 



I Sensors 
| Actuators 



Fig. 1 



SUBSTITUTE SHEET (RULE 26) 



WO 00/43845 



PCT/EP99/08802 



2/3 



Cell 
Level 



HMI 



Line Control System 



Mode 
Manager 



i t 



Interlock 
Manager 



Cell Controller(s) 



Support Functions 



P-Comp 
Level 



P-Comp X 



P-Task x 



interface to 
real world data x 



Sensors, 
Actuators, Mech. 




P-Comp Y 



P-Task y 



Interface to 
real world data y 



■ 



Sensors, 
Actuators, Mech* 



Fig. 2 



SUBSTITUTE SHEET (RULE 26) 



WO 00/43845 



PCT/EP99/08802 



3/3 



Cell Integration Level (Cell Controller, HMI, other) 



P-Comp 
•Robot* 



P-Functlon(s) 




P-Function(s) 


P-Task(s) 
& 

Interface 
(reusable) 




P-Task(s) 
& 

Interface 
(reusable) 


Internal P-Comp 
Commnunication 




Internal P-Comp 
Commnunication 


Robot 
Controller 
Program 
& 

Interface 
(reusable) 




Operator 
Intervention 

Box 
(reusable) 

• 



P-Comp 
'Operator 
Intervention Box' 



P-Function(s) 
P-Task(s) 
& 

Interface 
(reusable) 



Internal P-Comp 
Commnunication 



Roller 
Table 
(reusable) 



P-Comp 
•Roller Table* 



Fig. 3 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intel onaJ Application No 

PCT/EP 99/08802 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G05B19/418 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G05B 



■ 



Documentation searched other than rrarftnum documentation to the extent that auch documents are included in the fields searched 



i < 



Electronic data base consulted during the International search (name ol data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document wtth Indication, where appropriate, of the relevant passages 



Relevant to cUtm No. 



V DUGERN 0 ET AL: "EINE MODULARE 
GRUNDSTEUERUNG FUR FLEXIBLE MONTAGEZELLEN 1 
AUTOMAT I S I ERUNGSTECHN I SCHE PRAXIS - ATP, 
vol. 32, no. 1, 

1 January 1990 (1990-01-01), pages 22-29, 

XP000126014 

the whole document 



1-5 



m 



Further documents are Dated In the conttnuatton of box C. 



ID 



Patent family members are Beted In annex 



* Special categories of cited documents : 



.5 ' < 



"A" document defining the general state of the art which Is not 
considered to be of particular relevance 

"E" earlier document but published on or after the tntematfonal 
filing date 

V document which may throw doubts on priority ctaLm(a) or 
which to tiled to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral diectoeure, use, exhibition or 
other moans 

"P* document published prior to the International filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority data and not In conflict wtth the application but 
cited to understand the principle or theory underlying the 
Invention 

"X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken atone 

"Y* document of particular relevance; the claimed Invention 
cannot be considered to involve an Inventive step when the 
document to combined wtth one or more other such docu- 
ments, such combination being obvious to a person sWDed 
In the art 

document member of the same patent family 



Date of the actual completion of the International search 



20 March 2000 



Date of mailing of the international search report 



28/03/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5810 Patenttaan 2 
NL - 2280 HV Rgawt* 
Tel. (+31-70) 340-2040, Tx. 31 651 epo id. 
Fax (+31-70) 340-3016 



Authorized officer 



Netteshelm, J 



Form PCT/JSA/21 0 (Mcond cTw«Q (.My 1002) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Into* onal Application No 

PCT/EP 99/08802 



C.(Contlnuatton) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



C nation ol document wtth Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



ROGERS G G: "MODULAR PRODUCTION SYSTEMS: 
A CONCURRENT MANUFACTURING PHILOSOPHY- 
PROCEEDINGS OF THE INTERNATIONAL 
CONFERENCE ON ROBOTICS AND AUTOMAT , 
ATLANTA, MAY 2-6, 1993, 
vol. 3, no. CONF. 10, 
2 May 1993 (1993-05-02), pages 50-55, 
XP000409789 

INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS 

the whole document 

US 5 539 975 A (KUKULJAN Z VAL ET AL) 

30 July 1996 (1996-O7-30) 

page 3, line 20 -page 8, line 2; figures 

1,2A,2B,8-11 



1-5 



1-5 



Form PCT/tSA/210 (confruailon of second chMf) (Jury 18Q2) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

* 

tnformstlon on pctont family member* 



Patent document 
cited In search report 



Publication 
date 



Intel on 8* Application No 

PCT/EP 99/08802 



Patent family 
member(s) 



Publication 
date 



US 5539975 



30-07-1996 



NONE 



Form PCT/1SA/210 (patort tam9y tnrwx) <JuJy t©«2) 



